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(S) Fuel aaaambly with fuel rod supporting members, 

(§) An arrangement of fuel rod (6) support mem- 
bers consisting of dimples (9) and springs (10) 
is presented to prevent abrasive wear of the fuel 
rods (6) caused by bouncing of the fuel rods (6) 
against the supporting members (9. 10) caused 
by vibrations in a diagonal direction of the 
support grids (4). The supporting members (9, 
10) are disposed such that dimples (9) are 
provided on one pair of adjacent wads (11a. 
11d) located on one side of the vibrational 
direction while springs (10) are provided on 
adjacent walls (11b, 11c) located on the oppo- 
site side of the vibrational direction. 



FIG. 1 
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Background of the Invention 

Field of the Invention 

Th present Invention relates in general to fuel 
assemblies for nuclear reactors, and relates in partic- 
ular to a fuel assembly for preventing abrasion of fuel 
rods caused by vibrations in the fuel assembly. 

Technical Background 

A known example of a fuel assembly for a pres- 
surized light water reactor is shown in Figure 2. 

The fuel assembly shown in this drawing is pro- 
vided with an upper nozzle 1, and a lower nozzle 2 
which is oppositely spaced apart from the upper noz- 
zle 1. A plurality of control rod guide pipes 3 are fix- 
edly disposed between the upper nozzle 1 and the 
lower nozzle 2, and a plurality of support grids 4 are 
attached to the control rod guide pipes 3 in the middle 
section of the fuel assembly with a certain spacing, 
and a plurality of fuel rods (6) are inserted through 
and supported by the support grids (4). 

As shown in Figure 3, each of the support grids 4 
comprises a plurality of straps 7 crossing at right an- 
gles to each other to produce a grid network and a 
plurality of square-shaped grid ceils 5 therein. A plur- 
ality of dimples 9 and springs 10 are provided on the 
opposing wails surrounding each of the grid ceils 5 to 
elastically hold the fuel rods 6 which are Inserted 
through the grid cells 5. 

The dimples 9 and the springs 10 are disposed in 
the grid ceils 5 in the pattern shown in Figure 3. Div- 
iding the support gird 4 in a plan view into four quad- 
rants S1, S2, S3 and S4 in a counter-clockwise des- 
ignation about an origin O, equivalent to the center of 
the support grid 4. In the first quadrant S1 , of the four 
walls defining each square-shaped grid cell 5, the 
dimples 9 are formed on the left and bottom walls 
while the springs 10 are formed on the right and top 
walls. In the second quadrant S2. the dimples 9 and 
the springs 10 are formed symmetrically to those in 
the first quadrant S1 with respect to the Y-axis. In the 
third quadrant S3, the dimples 9 and the springs 10 
are formed symmetrically to those in the first quad- 
rant SI with respect to the origin O. In the fourth quad- 
rant S4, the dimples 9 and the springs 1 0 are formed 
symmetrically to those in the first quadrant S1 with re- 
spect to the X-axts. 

The fuel assembly comprising such support grids 
4 is provided with a plurality of mixing vanes (not 
shown) formed at the intersections of the straps 7. for 
the purpose of stirring the cooling water for removing 
the heat generated by the fuel rods efficiently. 

It is thought that in a plan view of the grid, the tur- 
bulent flows caused by the presence of these mixing 
vanes are responsible for generating systematic vi- 
brations of the fuel assembly in the diagonal direction 



shown by an arrow in Figure 3. 

When the fuel assembly vibrates in th diagonal 
direction, the following problem arises. 

Specifically, considering the fuel rods 6 being 
5 held in the grid cells 5 which lie in the second and 
fourth quadrants, SZ S4. it can be seen that the fuel 
rods 6 are being supported by the dimples 9 in one di- 
rection of vibration, and by the springs 10 on the re- 
turn direction of vibration. Because the dimples 9 
10 have a higher resistance to deformation than that of 
the springs 1 0, there is a difference in the support be- 
ing provided to the fuel rods 6 in the forward and re- 
verse cycles of vibrations. 

When the resistance to deformation of the sup- 

19 porting members differs in the forward and reverse 
cycles of vibration, if vibrations should be generated 
in the fuel assembly, the support grids 4 also vibrates, 
and the fuel rods 6 being held in the grid cells 5 dis- 
posed in the second and the fourth quadrants will ex- 

20 hibft a phenomenon of bouncing between the pairs of 
dimples 9 and the opposing springs 1 0. The fuel rods 
6 under such a condition will experience abrasion 
caused by the fuel rods 6 rubbing against the dimples 
9 and the springs 10. 

25 

Summary of the Invention 

The objective of the present invention is to re- 
solve such wear problems related to vibrations in the 
so conventional design of fuel assembly. 

This objective is achieved In a fuel assembly 
comprising: fuel rods being elastically held by dim- 
ples and springs provided on four walls of square- 
shaped grid cells formed by a plurality of straps inter- 
35 secting at right angles to each other in each of support 
grids, and in a plan view of said support grid, said four 
walls consisting of a first pair of adjacent walls located 
on one side of a diagonal vibrational direction and a 
second pair of adjacent walls located on an opposite 
40 side of said diagonal vibrational direction, wherein, 
throughout said support grid, said dimples are provid- 
ed on said first pair of adjacent walls and said springs 
are provided on said second pair of adjacent walls. 
According to the arrangement of the dimples and 
45 springs presented, the resistance to deformation sup- 
port on both forward and reverse cycles of vibration 
become equal by placing a pair of supporting mem- 
bers consisting of a dimple and a spring in the forward 
direction of vibration while also providing a pair of 
50 dimple and a spring In the reverse direction of vibra- 
tion to balance the two directions of vibration. By this 
arrangement, the fuel rods are less likely to bounce 
between the supporting members, thus preventing 
abrasion wear caused by vibration in the diagonal di- 
ss rection of the fuel assembly. 



2 



EP 0 656 632 A1 



Brief Description of the Drawings 

Figure 1 is a schematic illustration of an embodi- 
ment of the fuel assembly of the present invention. 

Figure 2 is a schematic representation of a con- 5 
ventional fuel assembly. 

Figure 3 is a plan view of a central section of the 
support grid in a conventional fuel assembly. 

Preferred Embodiment 10 

A preferred embodiment of the fuel assembly will 
be explained with reference to Figure 1. 

In the following descriptions, those parts which 
are the same as in the conventional fuel assembly will 1$ 
be designated by the same reference numerals and 
their explanations will be omitted. 

In this embodiment the dimples 9 and the 
springs 10 are disposed as follows. 

Assume that the direction of vibration of the sup- 20 
port grid 4 in a plan view is in the arrow direction 
shown in this drawing, Le. in the negative diagonal di- 
rection. A pair of adjacent walls 11a. 11d which are lo- 
cated on one side of the negative diagonal direction 
are provided with dimples 9 while the other pair of ad- 25 
Jacent walls 11b, 11c which are symmetrically located 
on the opposite side of the vibrational direction are 
provided with springs 10. The fuel rods 6 in each of 
the grid cells 5 are therefore supported by pairs of 
supporting members each pair consisting of a dimple 30 
9 and a spring 10 disposed in a transverse direction 
to the diagonal direction of vibration. 

In the support grid 4 of such a configuration, the 
dimples 9 and the springs 10 are disposed symmet- 
rically with respect to the transverse direction to the 35 
vibrational direction, which means that the fuel rods 
in vibration encounter supporting members having 
the same strength properties in forward and reverse 
cycles of vibration. 

Therefore, even if vibrations are generated in the 40 
fuel assembly, it becomes more difficult lor the fuel 
rods 6 to exhibit separation from the support mem- 
bers in the forward and reverse vibrational cycles. 
The fuel rods 6 hardly separate from the supporting 
members, i.e. the dimples 9 and springs 10, and abra- 45 
sive wear on the fuel rods 6, produced by the fuel rods 
6 bouncing between the dimples 9 and the springs 10, 
is prevented. 



support grid (4), said four wails of each of square- 
shaped grid cells (5) consist of a first par of ad- 
jacent walls (11a, 11d) located on one side of a di- 
agonal vibrational direction in said fuel assembly, 
and a second pair of adjacent wails (11b. 11c) lo- 
cated on an opposite side of said diagonal vibra- 
tional direction, and throughout each of said sup- 
port grids (4), said dimples (9) are provided on 
said first pair of adjacent walls (11 a, 11 d) and said 
springs (10) are provided on said second pair of 
adjacent walte (11b. 11c). 



Claims 
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A fuel assembly comprising: fuel rods (6) being 
elasticaily held by dimples (9) and springs (10) 
provided on four walls of each of square-shaped 
grid cells (5) formed by a plurality of straps (7) in- 
tersecting at right angles to each other in each of 
support grids (4), wherein in a plan view of said 
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FIG. 1 
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FIG. 3 
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